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BACKGROUND OF THE INVENTION 

aAs*«3201©«®±K:, n S G a A s A v 7 T M 3 2 0 2 , 

1 nG a A 1 PRtfG a A s ^*0^9m»**«ffl^ 
JESKStinaDBR (distributed Bragg Re fl ec tor) J* M If 3 

2 0 3, inGaAlP^*5nI^';H13Z04, » 14 M 
3205, lnGaAlP*e»J**PlS*:7*l«»3206, A1 
GaAs»&**PS*-r >^M 3 2 0 7, plGaAs 

9 h Jf 3 2 0 8 A< MS K B f& 2 n T V> £ . 

Htl nSGaAsM 3 2 0 i © « IB « n IS M 3 2 0 9, 
pfflGaAs=i>**h»320 8 iCpSU3 2 1 0 * » * U 

T«ft**fc«****i- Ma 2 o 5 izx^xmx*m&-? 

Z>. ft&ms 2 0 5 ^e>0^T^^^f^^T^^bfc^«HW)i3 
2°0 3CJ:oTRlt*n, ±^C*4bfc*t*C^ > 
3 2 0 7 ^j^Ltlf ©J:^^^^^^ 0 

ffitti 3 2 0 5 *5^^^^^**^^^^ SMS 3 
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2 0 3fcfi*>-3T£iftfc3itttftt** 3 2 0 1 ® UK S tl 3 £ * « 

t ZLZifi* R**M 3 2 0 3 T«*»ft**J#^ T it tf # K 

MbT(t 3 2 0 3 ©K»***S*^«<' *&^« 3 2 0 5 

P lfi^SSiooo±i:> ^iRWiiooi, p^n>^ 

gtt 1 1 0 0 4, nS^^FHOOS, nMn>**b«il0 
0 6S»*U S6C3>^H 1 0 0 2 JifcnlHM 1 0 0 7, 
3>^^7 Ml 0 0 6 ±tCDl«il 0 0 8 ll^tT^^ 

0 0 4 t^7ttfc^©^. nS^^» 1 0 0 5 « 

P S^5yHI 1 0 0 3 «lcliHtsnfc*tt, £JBR*U* 

a $ n ^>o 

s«iooo#ji:ffii^nfc^^Ritiio 

Ml 0 0 1 ^ITiSCAib^^^M^ 
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ni GaPliH01±t:, n9I nGaP^77ll 1 0 2, 
n ainAlP^^IH03, ^I^Tf^fflt^ I nG 
aAlPMll04- pIInAlP^^IHOS, P 
aG aA8 3 ^nill06. ^"^ nSU06J: 
£P&««1 10 7, »«1 1 OllKnStil 1 00t»*t 

T ftttJil 1 0 4t^Ufc» n«*l 1 0 O^PlSl 1 
0 7 fcR»S*U p««l 1 07t«^T^n>^M 
1106* £^BBK:iR 0 W 2 ti^o 

ii i o 7#*oTv>6fc». ^tmt^^ta^t^i 

"s* 0 H°2 7 C^tlfclftH fir ft* 1 1 0 4-C3ttUfcft 

% b * *v s& t & o ffl i" - £ ^ ° fCo 

G a A s ^^W^^.fcft^W^^ 

»6«*KlSS56^«rfT5fc«)»^ AlxGaylnl 
_ x - yN (0£x. y£l, x + y^D fefflV>fc*fc*U*A 

£©.fc5fc$8tf**«* -«KB»f* ( G a N = 2 . 
6 7, G a A s = 3. 6 2)^1^6. (G aN = 2 1. 
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gft. GaAs=l 6. 0«) # * 3 < • ** 0 U U» t 

n "5 R9 S & o fc 0 

„ - G a A . »« 1 3 0 0 C. n - G a A s « v 7 T ■ 1 3 0 1 . 

„-l„G..Al PH,fil 3 0 2. 1 nGaAl PffittBl 
3 0 3. p-l.G«AlPi'7,FI 1 3 0 4. p — A 1 G a A 
s ««fll 3 0 5 *i«»**t^ *«' p-AlGa 

S N*(g 1 3 0 0 iK n«m«S 1 3 0 6 *Jgl*T*. 

S ;o«afB. p «««l 3 0 7 *&«tn&««B. p-AlG 

E aAstlMil 3 0 5 «lfin. p -lnGaAlP95-y 

» Ml 3 0 4 * 6 1 nG«AlPSftll 3 0 3 KM«Xift 

1 3 0 3 t»*tt*«». S« 1 3 0 0 «Cffl!tU«l«S 

t ^ 5 WfiA 1 o fee 
SUMMARY OF THE INVENTION 
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«e n % m t n e w re a * ft « « t ® « <=* » « a a > * * i- ■ * * 

^ > ^ ^ ^ ^ ^ ^ ^ rfl 
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a » ? # f m a -c * ■= T * * 1 1 • 
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*Eim***-*«2«'««*» l *'»'* I,it ' ««!*»**«•= 



- 7 - 



- 8 - 



**v>i*ntt-c** ct * 6 - raft**-?** 
MB7 * ^*x*sfte«. «iB»JtJicJ»u. 
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sBieMMSiC- 3><,nS ' * 1<CJ " 

**v»«*fc. ★ H**********®**** 1 *- **** 
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m o m l- a ¥ a« si -t b a » a <t * s * 91 5 n 5 • 

BRIEF DESCRIP10N OF THE DRAWINGS 

|l;i5*8#S** :fe, * ltSS 
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b fc St l$r ® 0 <> _ «* ^ * 

H i 3 1*. ^^©flQa)*^^********^ 0 * 1 "* 
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18lt *58.a©*l 4©**«£****#B** :p<D 



j| 7]n b fc ft 



#| jg S tin u $ 

|2 l«, H »15«)M^J:**»*»*« TC4,,t * Ga 

^ ^ , s ^ ^ - . 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

( 1 ) % 1 _ 
pa ->U3>*1R3 1 0 18HK. A»/Zn»6»P« 

In < x < ) Ga <y' ) Al CI-*' -V ) P*6«*P« 
^.;F|3105, ln(x ) G a t y 

' ) P^6U6iSttl3 10 6, I n (x' ' ' ) Ga 



y 



(y - - - ) a i (i ' ' -y' ' ' > '» 6 « nl " 

^■3107. nIG.A.=^H»10«. ITO (U 

d ,„. TL Oxide) S«»i31»^ #>? ,>y ffl Cr/Au 

W.IHSHimU ««3 110*tf3 1H«C« 
SSM lT«««f**MU SSS3 1 0 

t;f I©GaAs □ y$ 2 Ym * i u » 

^ _ . . , , go i 0 4 £ it i& b , JR It H t b T 
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^ _ . ia -fc.T^rflP"5Z;HInGaAlrW 
a**«3 1 09Mttl3l06^** 

pi«i3io3^ a**««*Ai*fc«A B ** 

^HfcOMMfcT*^^ ^^^^^^^ * 



lS « 3 3 0 1 *iB±C. SnPb*6***BUB 3 3 0 2 . Au 

A1 (1 _ X ' -y') P(0=<(x', y') = <D 

p |, 9 , f g 3 3 0 5, in (x' ' ) Ga Cy" ' ) Al 

(1 -x" < -y ) p(o =<(x' ' . y" ) = < 1) 

co I n ( x ) Cr a ^ y 

' ) P ( 0 = < ( x ' 

P 1 3 3 0 7 , |« 5 0 0 *>^H'^ ^' J7 

- ^^l^q^or I T O (Indium Tin 



if' 



- y 



1 E 1 
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oxide) 3 309. ^y-r^^mc 

1 o^i^^nt^. 

, . T> ;,5,H| 3 3 0 5 Stf3 3 0 7©8LJS (x . x ^ 



y ' . y 



S UtfPl^»^*' InG .PXttInGaAlPKi- 

( 3 ) 3 
nS , 1J ^IS3 4 0 1 »TSS«i»»/Ge««» 
M|!4 n»tf34C 2 #l<ttl. na »« 3 4 0 2 ©*B 
ir Au /N l/Au#6**P"«« 3 4 0 8 " ^ GaN3 
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HB 3 4 0 7. n«,N,^nl34» 8 . ITOM 
« 3 4 0 9. ,^^»Cr/A«U3 4 10««n 

T r o ««"mi .TOa«ti 3 4 0 9 C *„TM* 
W ,t e tl34»6««»««' " SH06 * 

5 , FI 3 4 0 5, 3 ,„ bB 3 4 0 4 ^»ttS. P S « ■ 

^H t UX O «S3 4 0 3 «I««fc». 

„ £ift < 4 gKt. = 

**. fi34»3 tt . Al. Ag ^t-««^«" C 

K M us a* «l » l- . # ffl 

)5 ,HiltIn UDGa (yl)Al (1 x 1 

-yi) N«»«*<. ylSS**^^* 
In (x2 ) Ga (y2> A, (l-x2-y2) N«»T*.T 

oi«S8 3 4 0 9 { )»Ji*i»»* : '« bD - il:Sa ' 
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(4) *5S?Hffl« 4 CDStJfiPJ 

*' B 4C*anfc*5c. mocvdsxijmbes^m. G 

8. n - I nG.A 1 Pf?* HB3 X 0 7. I nGaA 1 P»6 

SJSM3106. P - I n G a A 1 P O 7 ; r- » 
-GaAs3>5'9>-«3 10 4&m*lS«'-^»l*^ S - 

t3!8S!©S.K*i» < T* >- <=T. •a-at--'-^ 

*s T # 4 . _ _ , 

^ ^ ^ v ^ -iv^^7l-H3 1 0 8 ix IB 

H 7 ess ft a. * ^ '-• ^yyvrmzL 

^4»$|MLEDf^2«^t«' A US 3 * ffl «-» T 
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( 5 ) JB 5 ©SKBW ^ _ „ 

±E ^10*Jfi«rl4. tS3102tti3103i*»M 



« 3 1»2, 3 1»3«. m- A«. Ni. 



( 6 ) !f§ 6 <2 #1 S£ #»J 

3 1 0 5t««. ^Y^^W + WCttBI"**** 
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( 7 ) ^7 ©HffiW 



B1 01. m (K2) Ga ( y 2 ) A 1 (I-"-* ' » ' ^* 
W » S ,^nl>02, In Cx3> Ga (,3) Al 
(1-X3-Y3) P«S5nl55.Fil03, In <x4> 

Ga (y 4, Al (l-.»4-»4) ' 

n <x5> Ga ( y 5 ) A 1 U-*5-y5> r**ft*P«* 
„ HI ,, 5 . in (x6) Ga (y6> Al <l-x6-y6) 

*A -!li,fvm^nS : ' ; '' nai02J:l: ' A 
x6 . yl , .... y6 . xi + ,i. - x6 + y6<= ^:*; 
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tJt * K iOOCS»fcZnSett. »***#5- 6 6 7 * 
Ga (y , A. (1-x-y) rH»**- y **" & ", 

nKMffilOTtt, PS3/»H1 „„„„ 

0 8 tnS« 1 0 7 =•« 



( 8 ) SS 8 © S IS W 
H12C, *5IW©* 8 ® 



oa.»6»«*» !, °^' In txl> ° a (V 
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Cx2 ) Ga <y2) A 1 (1-X2-V2) r* 6 **n« 3 > 
, nl 2 0 2, m <x3) Ga (y3) Al (l-x3-y3) 

P » 5 ».I»»FI2«»- In <X4) Ga Cy4> A ' 
U - x 4-y4) PHS58*»2» 4 ' m (x5) Ga 
(y 6) Al (1-xB-y 5) P»6&»Pa*?"<««20B. 

In (x6 ) Ga (y6) A. (l-x6-y6) P * 6 ft * p « 

fU Bsi2o*t** ( i:pa»«2 (l!!: »* , ' fcS,l: 

^ ^ ^ n— <^xl> x 6 * yl- 

y 6 . *i+y i. -, x6 + y6<=lt^*. 

2 0 8 TKitanTBB<« 2 0 9 ta»i.T»«c*ouan*. 
2 o 9*o*«v»t. )i»-«#«2 0oeM«nT + »c» 

aj * ifi *i in T s o 

2 0 5 t3> ,nl2 0 2, 2 0 6 «MB. Stt« 2 0 4fflA 
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? 5 C t T . » * S» * ® I* -t t * * * ^ * * 81 * n 

(9) g9»*Sfl _ 

niSl P»^«>OOK. in (xl) Ga (y 1) 
a l (1- X 1 - y 1) P*6**n»rtf7r«301. in 

< xl ,G.<,»A. (1 -x 2 -y2) P* 6 *.»-*> 
, F | 3 0 2, in <x3) Ga (y8) Al (l-x3-y3) 
P*6ft*Stt« 3 0 3. in (K4) Ga <y4) Al 

4 _ y4 ) F#6*»P«*"« !04 ' ^ (X5) „ 

( x 5 ) A l (1 -x5-y5) P«»» !] ^ n " 3 
6 **„*« 3 0 6 *»*1-*. nS«3oe,: tt . « 

0 7 & J£ J5fct" £. 
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a 14 1 



x a + ya<=lT. 0<=xa. ya<-l. 

^ ,„H| 3 0 2 »tf3 0 4 t . =^^ 8 ° 5C 

(io) * i o 

- * * s.a a n n it s«4 0 OCft?** 1 ' 
n|Z n S e*»^J**»« 4 0 0 x 

fcI n (xD Ga (y 1) A! (1-xl-y D P » 6 * * n 
S „,, 7 I401, in (x2) Ga (y2) A. (l-x2 
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y2) p# 4 «.lf'« 4 » ! ' In (x3) Ga (y3) 

Al (l-x3-y 3) P»^5SM 4 0 3, In (x4> G 
a (,4) Al (l-x4-y4) P»8»P«>^* 4 ' 
4. In <*5> Ga ( y * > A 1 (l-x6-y5> P»&«* 

p §y 3 M4 o 5 zmfrj&&^ 

„aznsei« 4 0 0 lfc, AuGeNi***** 
11 4 0 6 51^^ -isx>r//ia-A 
0 5±fcAu Z n*6i**PSl«* 4 0 7 ij!l * t5 



4 0 5i:^it§ia^Jtxi~x5, yi 



y 5 nSZnSeifi4 0 0 L»^»T«D 

^ ^" £ i& S ^ *> « ° ^ P ^ 

*A ^»« K «L. _«©**-C»-«K« 3 0 0 «.mX 
^OO.mTfcS. « 1H » BXS1 " 

8e ^ 0 ««*««^«^. ******** 
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(i i) f i 

CV ° \ I , (1 -*2-y 2) 

, n (x2) Ga (V 2) Al (1 *2 v 

, 9 ,^ 5 0 2. in (x3) Ga ( y 3 ) A 1 CI * y 
a (y5 ) A, (1 -xs-y 5 ) p» 6 «p«^*»-" 8 

* KB s 0 5illAuZnH^PSH5 0 7 

^_ 0 / i ^ 0<=xa, ya<-l> a ^ 1 



5 T & & 
fit, 
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(1 2) S5 1 2 © £ S « 
nSG aNM«SS 6 0 0 ll:. in (xl) Ga (yl) 

A) (1 _ xl yl) N«»»S«'" Sf01 ' ,n ( " 

2 ,o.<y.)A.<i-..-^>N* 6 « n "* a) ';; 

g 6 0 2 - in (X3) Ga .,3, M <l-*3-y3> N* 
6S4 «ie»3. in Cx4) Ga (y4) Ai ll ~ %4 
y4 ) N»««^»"«» 4 ' ^ <X5) ° a ' 

- * *, *- j- r * ^ J£ =1* * > j! ® A £ ^- 



t5 



^ 7 h* 1 6 0 2 R t> 6 0 4 i3/^ 
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(13) *13 

ff«S«*«. 1 9 9 9 *33, » 28Z ~ 2 - 4 i 1 * 
B2 81C. *0**3H6*XS«C*-J-. H28 (a) C*S« 

-tj- 4-jr -| o n n h K , AlGaAsJSl20:U 

G a A s 1 1 2 0 2 *• 

| 2 8 (b) L^an/^^- ^ 
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1210 . A.G.A.IUH. G aA.«1212* 6 ** 

1212 t^ta^iifii^^ 



l 202<hGaAs 

fit, 



_ ^ ^ + v^i- — 1i O^fi 1 2 1 0 isi 



£j? A 1 G a A s l. 

Pl±©0 2 8 (a) ~0 2 8 wxis 
-C 0 2 8 ( e ) k /re s n a- * ^ > 

^ *f tl T V* 2> S & : & • _ 

' B1 7 (a) CSatltiiK- p-GaA.K* 7 0 0-fcC 
11O CVD»Ki0p-G.A" , "'«' 0 1. p-GaAs 

3>^nin2, p - I n G a A 1 P -7 

r , a l P/;?*; H 1 7 0 4 S 
G aAlPStt8703, n-lnGaAlP^^yhW 

+ rS *sr7* h-^X^S 7 0 5 £ 1^ 
^ b n -,nGaAlP^,Fl 7 04l^^ V* 

^^iiH 5 i. n - GiAsl 7 0 6 *T!',« 

p-GaA.MlTOOatfP-GaA.^Tl^Ol** 
IW (b) n-GaA.J1 7 0 6 ± 

C n« 7 0 8 t»*t. p -GaA.=i>^^»712^P 

^ , * t n?JlBJtI7 0 9 (D — W> 
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7B V 9M7 1 lC*ltTP-M«»l" 1 OVISTS. 

(14) I140*S« 

§E T & <> 

**««>«««. S«tJ*t^^^"8^' « 5 
gtg 8 0 4. p-AlGalN^^yi'" 

8 osiciiPM*^*^^^ <■*-«•***»»* 

7 5. 
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;ft, & V* © ^ >j. 

. 58 Jt *> # 6 n 5 . 



(is) mi 5©*ise>i 

N „,01i: E O.«^rl<M*r). n " G : N ^ 

nS9 l lft***»**l- p -GaN 3 ^ni9H ; 

D -AlGaN^7bi9 05 ' 

^> ^r**1 TniGaNl 9 0 2 ©ii^B*^ tVi 
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>y # jg 9 o 7 m^^-" 3 

, N ; , . o .«**«■<:. ■»*!*"; fc ;i 

, . H2 0(d). »S^ttH 2 1 (a) ~0 2 1 

, 7H 7« 2 0 0 0 ^ G.N^TI 2 0 0 1, nil 

0 2 0 (b) oz-o \z. V b^mw 

020 cc>»*>«- ^M»oo»^^»« 

Z**. 020 (d) p-AlGaN**»h 

, -ft** H 4fc *f 0 2 1 (a) k- e n 

«fc 5 +j-"7T^7Sm2 1UU_cv 

H21 (b) **«E*tt-< * * .r>n 



2 o 
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H 21 (C) O*^. p -AlGaN*^H«21 
4 ; n . A1(!l N»,FI..3»««»*;» t 



(16) ff§ 1 6 CD * M 



j„p, 2 2 0 1.«»!'» ! '»" hl22 

a2 2 (b) CSi«*^' W 

B 22 (c) Ca-*«**' L ' .,L«,9n 

0 2 2 ( d ) <D <£. O »^ » w 
Xi^l 2 2 0 4 Sit1"§. _ ^ ^ -r 

#2SJ6 0»|fc«J:n«. 0 2 2 ^a; ^ 

- ** a* t *- w *« Sfi2 2 0 0 ©x^ 
j- n r ffitfiJB 2 2 0 2 bf8^b7L^»^ 

b & * ** ft _t I-* 

(17) ^1 7 
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^ m 3& (D R C-LED (Resonance Cavity LED) T & 

§DBR (Distributed Brass Reflector) » 2 4 0 2 *»*b. 

« s 9 4 o 4 p -lnGaN^*«^ 4U 

2 4 0 6 SSfl2 4» 5 ^ 5 ,«»04,:«»« 
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Emitting Laser) EllltKtttt*. 

M " rS * , w-,anA*5C. GaNJS* 2 5 0 0 J:C. /^v 

H2 5 (a) LwSftfc** 
, r8 2 5 0 1. I nxA 1 yGa (1 -K 

SI) | 2 5 0 2 *»*"f*- _ . 

0 2 5 (b) CSSftfc**^ I nxA. yGa (1-x-v 

6 0 0 . ^ 9 -"-"» i -. i " AiTG ( " ) ^;;;r^ 

b ^ 5> Bft * s ' ^4CO«nf>*- 

a25 (d) C **nfc*5c. -^ !(00S 

1/ - 4? % HSlt £ «fc ^ T * J 18 T *° 
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S6C . 02 5 (e) SWt^'^i'"' 
K J:«>B2 5 (a) -0 2 5 (e) elSt^KiOM^ 

************** 

^ _ _ ^ , ^ ^ m Tg l C 43 T % ifi & # b IS & T 
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WHAT IS CLAIMED IS : 

--.ajitexnlBII"- M ft 3 > ^ # bi«fii» 
hu §B HU wi » * ^ J ^ ^ * s 
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6 ^.^.^.ns^.^i^-^ 8 ;;; 
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7 mK -. m% *nufim&*mt*>mK< *«»» 45C * t '' 

„ - k H<7WS> F 3= * y ft IB ?§ ft 

« © ;n* > >** * * ? * 0 * * < * * * 

mux? 77iifc»*^ fc ^ lt ' 
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% tB b fft sBfg 1 © 3 ^ ^ ^ i 



CO 



* ® & m m s * £ ^ ^ - 
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u fig afl, ^20^77 

J^O ^ ~p ^2 

iu««.*«^" c »** nT *°- :::::: 



2 4 *S*S(S t. 
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itEf sMis±«ssn^^!' hat. 
M^jnsicw^^ 10 "' nut. 

*.«E5S*IB-tK»l*Snfc»2 0>?:7-;> FBalil ' 
2 5 fifrlf 

~ *< *? *i a* 4£ & *r T & 11 £ * ™ * ^ T 



2 6 7 ^ h - ^ ^^^^ 



28 il^WW^ ,X^TJi, *1«>*?*^ 5 
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29 a«tt*w?-5Si©*s#*« iC - 



5 V 



jg^ -j- g ^ ^ 

i IE H 1 (D ^ # # S IS c f J pC y i — ^ 



$T IJif 

tft *P 31 1 <£> £ 7 y H 9 « T « a 'J * J/7 y 
B ~)5 Bo 
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31 M#«sic, ^<^«i«« 5 iat. 

tfi f? ;1 *y 7 7 M -t *v- * ^ 7 y v '-^ 
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ABSTRACT OF THE DISCLOSURE 

rmm t u^fflt s«* i o 3 \z «k o tk»s n, ±#^ft 
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